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Abstract

Previous studies of the safety and environmental aspects of the SOMBRERO inertial fusion energy (IFE) power plant design did not completely address the issues associated with the final focus system. While past work cal culated neutron fluences
for agrazing incidence metal mirror (GIMM) and afinal focus mirror, scattering off of the final optical component was not included, and thus, fluencesin the final focus mirror were significantly understimated. In addition, past work did not consider
neutron-induced gamma-rays. Finally, power plant lifetime waste volumes may have been underestimated as neutron activation of the neutron dumps and building structure were not addressed. In the present work, a modified version of the SOMBRERO
target building is presented where a significantly larger open solid-angle fraction (5%) is used to enhance beam smoothing of a diode-pumped solid-state laser (DPSSL). The GIMMs are replaced with transmissive fused silica wedges and have been
included in three-dimensional neutron and photon transport calculations. This work shows that a power plant with alarge open solid-angle fraction is acceptable from tritium breeding and neutron activation points-of-view.

| ntroduction/Description of the problem Computational methods
« The SOMBRERO |FE power plant design has been modified to enable a DPSSL driver. * TART98 Monte Carlo neutron and photon transport code has been used
for neutronics calculations.®
» The open solid-angle fraction has been increased from 0.25% to 5%, and the GIMMs have been _ _
replaced by transmissive wedges for the final optic component. A 3-D model of 1/8 of the total geometry with 3 reflecting planes and a
point neutron source at the origin emitting neutrons isotropically with the
Feature KrF-SOMBRERO DPSSL-SOMBRERO SOMBRERQO target energy spectrum were used.
Total open solid-angle fraction 0.25% 5%
Number of beams 60 60 * Neutron activation calculations have been performed using the ACAB
Open solid-angle fraction per beam 4.17E-05 8.33E-04 radionuclide generati on/depl etion code 4
Half-angle of each beam 0.74 degrees 3.31 degrees
Penetration radius at the first wall 8.4cm 37.6 cm . . ] . 5
Line-of-sight radius at the final optical element 38.7cm 173.4cm « The FENDL/A-2.0 activation cross-section I|brary has been used.
Line-of-sight radius at the neutron dump 64.6 cm 289.0 cm _ ) o ) _ )
Thickness of the wall of the neutron dump 50 cm 50 cm » Typica impurities have been considered in the SIOZ used for wedges and
Depth ZL tgeef Ineutron du:np _ _ 193(58 cm 50% cm mirrors substrate.® Two different materials have been considered for the
Requir ection angle to miss the neutron dump 4.85 degrees 17.04 degrees . . . . )
Deflection angle of the final optical element GIMM = 6.0 degrees Wedge = 34.08 degrees dielectric coatl g of the mirrors: ZnSand M gFZ'

» Larger neutron dumps are needed to protect the final focusing mirrors, and thus the bending angle 4

of the wedge must be increased. The 3-D modél includesthe detailed radial build of the SOMBRERO design at the midplane for the blanket/

reflector, theinner shield and thereactor building. The wedgesare 30 m from the target and a baseline
thickness of 3 cm was used. Neutron dumps help protect the final focusing mirrors. Dose rates and fluxes

 Des inimizes the thick f th int : . : . . : : . .
esign minimizes the thickness of the wedges in two ways at the final focusing mirror position have been obtained in cylindrical rings around the neutron dumps.

—  Splitting each beam in two so that two final focusing mirror arrays send their respective beamsto asingle \_ -/
array of wedges
—  Use of rectangular/elongated configuration for the beams as opposed to the square configuration
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Results on radiation damage and waste management
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~ ™\ » Doserates and fluxes at the final focusing mirror are shownin & | A\ = require remote recycling.
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The wedge bending angle can be reduced from the baseline value of 17.04° to 11.53 the figure below as a function of the distance to the line-of- £ LG coating material as it gives lower
by switching to two final focus mirrors. By using a rectangular beam configuration sight axis: R sx, 53] | valuesof WDR and contact dose rate.
instead of a squar e oneg, the bending angle can be further reduced to 6.77°. o . S 10° ;1%325;0%@3) AL\ J
\_ Y NN i giabiil i, T
3 v---¥---¥---¥- -Y---%-- V--- ] 10 (.J.....n .....42......| .....J‘i....l e Lot ot Laseerd)
I 10 10 10 10 10 10
2 LTI 10° o Particlesthat scatter off of the Time after shutdown (s)
5 ' - 1 8 | wedgesdominate these fluxes, . -
| //w! o g B PP B Results for the concret.e bw!dmg shell and r.leutron dumps
Overview of SOMBRERO KrF-driven design R T O 5 S L S S S PR and the wedge thickness
| —::fastneutronflu>1 A-— neutron dose rate k j Om] Sjld mge rﬂ'ltrm djmps bU||d|ng
—@—gamma flux - ¥-- gamma dose rate |1
« Significant findings after reviewing the previous work completed for the KrF SOMBRERO: 10" ST e e 107 025% 43961 486554
— Neutron-i nduce_d gamma-ray dosesin the qpticswere not consi plerepl (recenF wgrk in Distance to direct [ine-of-sight axis (cm) % 1761 1052
support of NIF indicatesit can be of great importance when estimating the lifetime of « For a range of fluence limits from 10% to 102 n/cm? the
optical components)? . . .
: : .. result.s fgr e gEsEnosy e o Contact dose rates have been obtained for the building shell
—  GIMM was not modeled (neutron scattering from this element is important) — Lifetime of the wedges would be 0.33 to 33 FPY and neutron dumps:
— 1-D scaling was used to calculate the fast neutron flux at the final focusing mirror position — WDR would rangefrom9.2” 10°5t0 1.5" 102 '
—  Estimates of optics lifetimes were made assuming a range of neutron fluence limits — Volume of waste after 30 years operation from 17 to 1600 m® 1°;i,d / \
— Results are conservative given that the wedges are expected to be . 1%} E“wzw% The contact doserate of the
self-annedling’ £ 10} %gg_ww ; neutron dumpsis sgnlflc_anftly
/ \ R g higher than that of the building
: o : : : : s I eoiw M % shell. The neutron dump dose
Both neutron and gamma-ray doses must be considered to calculate lifetimes  For thefinal focusing mirrors, results have been obtained fora g 10°¢ iy <3 rate is independent of the solid-
of the optical elements. 3-D modeling for the neutronics calculationsis range of fluence limits from 108 to 10'° n/cn?: 5 107 S A ‘f angle fraction, but the results
SR - . - S £ 10° |- S Building (5%) . for the building shell vary
essential in ord_er to account for neutron scattering. A complete analy51§ requires — Lifetimefrom 0.25to 2.5 EPY 5O §Nem?éu'mp(%%)o : linesr y with thesdid snge
mor e material data about the fast neutron and gamma-ray fluence limits. _ Waste volume from 270 to 2700 m3 LU 57 K /
\ J — WDR for SiO, substrate and dielectric coating less than 105 10° 10;_ ;04 i ;06 ( )108 10
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